Ultralow frequency CULF) magnetobydrodynarnic pulsations (periods between 10 and 20 min) were observed on July 8-11, 1979 as Voyager 2 traveled through the middle magnetosphere of Jupiter between radial distances of 10 Rj and 35 Rj. The particle and magnetic pressure perturbations associated with the waves were anticorrelated. The electron and ion perturbations on the dayside were in phase. The pressure perturbations occurred both within and outside of the plasma sheet. Perturbations in the transverse components of the magnetic field were associated with the compressional perturbations but the transverse power peaked within the plasma sheet of Jupiter and diminished rapidly outside of it. The absence of finite gyroradius effects in the energetic ion (assumed to be protons) count rates points to perpendicular wavelengths longer than 0.8 R./. If the pressure perturbations were caused by a convected stmcture nearly stationary in the plasma rest frame, the azimuthal wavelength was about 2 Rj. A conceptual model of the waves that accounts for the structure of the the field and particle observations in the middle magnetosphere of Jupiter is presented.
netosphere the wave activity was small but had a significant peak associated with current sheet crossings. In this work, a detailed analysis of ULF waves observed in the middle magnetosphere by field and plasma instruments of Voyager 2 is presented. As all of the data used in the present study were collected from a singlespacecraft, single radial pass of Jupiter, it is not possible to identify the waves' spatial and temporal structure unambiguously. Therefore in this work we relied heavily on models developed for the ULF wave studies at the Earth to help us analyze the Jovian ULF waves.
DATA
counts. The effect of background counts on the stow mode data was determined (T. P. Armstrong, personal communication, 1987) by comparing the foreground counts (defined as the difference between the count rates of the sector facing the corotational flow and background counts from sector 8) obtained in the normal mode operation just prior to (and after) the stow mode operation with the counts obtained at the beginning of (end of) stow mode.
PLS data were also obtained from NSSDC. The instrument is described in detail by Bridge et al. [1977] . In its low resolution mode (L mode), the instrument yields a charge density estimate of low energy (10 eV to 5.95 keV) ions from a data segment of 3.84-s duration once every 96 s. To obtain the warm ion mass density we assume an elementary mass of 20 amu per charge [Belcher, 1983] . The trajectory is plotted as a dotted curve. Solid circles on the tra• shows the LECP pressure and Pmag for a 28-hour interval when mark the start of new day, whereas open circles are drawn at intervals of pulsations were observed. It may be noted that the LECP ion pres-1 hour. The inbound pass is on the dayside of the magnetosphere and the outbound pass is on the nightside. sure values are two to three times higher than those reported by Krimigis et al. [1981] , also assuming that the ions are exclusively protons. These differences may have arisen because (1) Krimigis et al [1981] used count rates from only the first five channels of
OBSERVATIONS
Some of the clearest ULF wave activity in Jupiter's magnetosphere is evident in Voyager 2 data of July 8-11, 1979. The trajectory of Voyager 2 for these days in Jovian magnetic-dipole coordinates is depicted in Figure 1 . Voyager 2 was traveling through the middle magnetosphere (10 Rj to 35 R j) of Jupiter and was inbound on the dayside and outbound on the nightside. ULF magnetic pulsations were seen in most of the middle magnetosphere, but we limit our studies to distances between 17 Rj and 32 Rj due to the unavailability of a good magnetic field line model outside of 30 Rj and the possibility of spacecraft charging inward of 17 Rj [Khurana eta/., 1987] . LECP high-resolution (24 s) data were available mainly on the dayside. It can be appreciated from the figure that Voyager crossed a wide range of oe shells and crossed into and out of the nominal plasma sheet (thickness of order 5 R j) several times. As field and particle data are nonlinear functions of the distance from the magnetic dipole equator (z) and cylindrical radial distance from Jupiter (z), the large oscillations of the trajectory with respect to the magnetic equatorial plane imply that the background field and plasma properties vary nonlinearly.
An important characteristic of compressional MHD waves is [Caudal, 1986] 
where R is a unit vector directed radially outward and
Then the perturbation components are given by Figure 7) . The Alfv•n wave profile used in the numerical procedure is shown in Figure 13 and is based primarily on the observations. As Figures 7a and 7b show, the minimum Alfv•n velocity reached in any given pass is of the order of 100 km/s. In the central (-3Rj < z < 3R j)high density plasma sheet populated mainly by warm particles, the wave velocity was allowed to increase rapidly from 100 km/s to 1000 km/s according to the function VAocosh(zl/A), where VAO = 100 km/s is particle pressure is domin.ated by hotter particles (LECP range), can generate field strength perturbations at the Voyager that arc which thus provide the dominant particle contribution to the corn-comparable in magnitude to bz seen near the center of the plasma pressional waves. The hotter particles are also confined near the sheet. Such small amplitude flapping would not generate appremagnetic equator but with a scale height much larger than that ciable transverse perturbations. Second, the large vertical velocity of the warm particles. As a result, the compressional part of the of Voyager near the magnetic equator (see Figure 1 for spacedisturbance may have a different spatial dependence on distance craft trajectory) would tend to smooth any sharp changes in the along the field line (see lower panel of Figure 15 )and the observed time-averaged wave amplitude in such a way that only a broad persistence of compressional power at locations above the central maximum is seen within the plasma sheet. Another factor that plasma sheet is consistent with this concept. may lead to increased compressional power near the center of the A shortcoming of this model is that it predicts a node at the plasma sheet is the generation of "slow" mode type compressional center of the plasma sheet, which is not apparent from the data waves by curvature coupling of the transverse and compressional of Figures 5a, 5b and 10. There are several factors that may ac-waves [Southwood and Saunders, 1985] . The coupling will be count for a failure to observe an equatorial node. The plasma strongest at the center of the plasma sheet where the curvature of sheet may experience flapping motions and as little as 4-0.25 RS the field lines is very large (see Figure 1) .
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If the waves are generated either by a drift mirror instability mechanism [Hasegawa, 1969; Walker et al., 1982 Walker et al., , 1983 or by a drift anisotropy instability [Pokhotelov et al., 1985 [Pokhotelov et al., , 1986 , the entire standing wave pattern of Figure 15 would be expected to be nearly stationary in the rest frame of the plasma particles. However, as the plasma in this region is corotating with Jupiter, the frequencies of the standing waves would be Doppler shifted in the rest frame of Voyager 2. The Doppler shift could account for the large discrepancy between the observed (10 min) and calculated ('• 65 min) wave periods. To study the Doppler shifting of the observed waves in more detail we shall concentrate on a welldefined event that occurred at 0200 SCET on July 9, 1979 in the dayside magnetosphere. Unfortunately, in the limited amount of high-resolution (LECP) particle data available from the nightside, no continuous pulsation events were observed. However, the frequency and phase characteristics of the irregular pulsation events observed in the available nightside data are very similar to the characteristics of the dayside pulsation events, We therefore think that the inferred wave properties from the event discussed below probably characterize both dayside and nightside waves.
TH• 0200 SCET EVENT OF JULY 9, 1979
As Voyager 2 moved inward toward Jupiter, the range of L shells crossed by it in any particular excursion through the plasma sheet continuously decreased (see Figure 1) 
PL0
Energy Average GyroEnergy Average Gyro-field geometry. They describe how the Alfv6n and drift mirror Jovian magnetosphere. Therefore one can neither demonstrate nor modes become coupled in such a geometry and report that the rule out the possibility of ULF wave generation through particle instability threshold is lowered from the Hasegawa limit. As lyre -bounce resonance. viously noted, no pitch angle information about the energetic partitles was available. Therefore the instability criteria of Hasegawa or Woch et al. cannot be tested. However, one major requirement that particle fl be of the order of 1 or larger was satisfied (see Figure 2) for most of the time during which these measurements were made.
Walker et al. [1982] have developed a theory for a particledriven drift mirror wave coupled to a standing Alfv6n wave. The predicted azimuthal wavelength for their system is consistent with a drift mirror wave whose Doppler-shifted frequency (in the rest frame of Jupiter) matches the frequency of a standing Alfv6n wave. The standing wave model presented by us in Figure 15 is consisFinally, compressional waves can be produced by the field line resonance phenomenon in the presence of a hot plasma. Southwood [1977] showed that under the requirement that the total (magnetic and particle) pressure perpendicular to B balance in the wave, localized compressional field-line-resonance associated signals are possible in a hot inhomogeneous plasma and that the resulting modes would be guided by the field. In such a situation, it can be shown that as long as the direction of rapid disturbance variation is not completely aligned with the direction of inhomogeneity across B, the disturbance would be compressional. 4. Attempts to interpret the generation mechanism are still very sketchy because of the limited information about plasma disUibutions and waves in Jupiter's magnetosphere. However, the drift mirror and field-line resonance phenomena are not consistent with the observed wave properties at Jupiter. The instability criterion for the particle bounce resonance mechanism could not be tested but the bounce periods of hot particles (temperature is • 40 keV) are consistent with this mechanism.
